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Abstract
A simple analysis of time-dependent Bs → K+K− transitions, based on recent
results from the LHCb experiment, is presented. The benefits of adopting a fully
consistent theoretical description of the B0s–B¯
0
s mixing are stressed. It is shown
that bounds on CPT violation in the B0s–B¯
0
s system can be consistently obtained
and that direct CP violation in Bs → K+K− can be robustly established, even
in the presence of CPT violation in the mixing.
1 Introduction
The neutral meson systems K0–K¯0, D0–D¯0, B0d–B¯
0
d and B
0
s–B¯
0
s , are privileged systems
for the study of CP, T and CPT violation. After the significant progress achieved
more than a decade ago at the Tevatron [1], the exploration of the B0s–B¯
0
s system has
flourished with the spectacular performance of the LHCb experiment [2].
In a recent work [3], the LHCb collaboration has analysed time-dependentBs → K+K−
processes, including in particular the CP violating asymmetry
ABs→KKCP (t) ≡
Γ(B¯0s (t)→ K+K−)− Γ(B0s (t)→ K+K−)
Γ(B¯0s (t)→ K+K−) + Γ(B0s (t)→ K+K−)
. (1)
Bs → KK transitions are an interesting window into CP violation and New Physics,
e.g. [4–6]. A central result of the analysis in [3] is a fit of the available data to the
following functional form:
ABs→KKCP (t) =
−CK+K− cos (∆M t) + SK+K− sin (∆M t)
cosh
(
∆Γ
2
t
)
+ A∆ΓK+K− sinh
(
∆Γ
2
t
) , (2)
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with CK+K− , SK+K− and A
∆Γ
K+K− independent parameters. The following values are
obtained:
CK+K− = 0.20±0.06±0.02, SK+K− = 0.18±0.06±0.02, A∆ΓK+K− = −0.79±0.07±0.10 .
(3)
While LHCb has measured previously CK+K− and SK+K− [7], the value of A
∆Γ
K+K−
represents the first experimental result for this observable. This third measurement
offered LHCb the possibility of performing a consistency check. LHCb obtained
|CK+K−|2 + |SK+K−|2 + |A∆ΓK+K− |2 = 0.70± 0.20 , (4)
a result consistent with the well-known constraint
|CK+K−|2 + |SK+K−|2 + |A∆ΓK+K− |2 = 1 . (5)
Unfortunately, this consistency check becomes problematic, as we will see, as soon as
one interprets eq. (4) as a potential 1.5σ discrepancy from eq. (5), as has been done, for
example, in [8], even calling eq. (5) “the CPT sum rule”. Also from the experimental
fit, the LHCb collaboration has concluded that there is, in this channel, CP violation
at 4σ: there is a 4σ significance in the deviation of (CK+K− , SK+K− , A
∆Γ
K+K−) from the
value (0, 0,±1). In this paper we recall that performing a fit assuming independent
parameters CK+K− , SK+K− and A
∆Γ
K+K− together with eq. (2) is a correct procedure if
one is interested in getting the measurement of these quantities and a consistency check.
But one must stress that this procedure is not fully consistent from the theoretical point
of view and therefore it is not suited to perform a theoretical analysis including CPT
violation. We show that a more general analysis might be able to provide more robust
results on two respects:
(i) CP violation can be established even if CPT violation in B0s–B¯
0
s mixing is con-
sidered,
(ii) bounds on CPT violation in B0s–B¯
0
s mixing can be obtained.
The discussion is organised as follows. In section 2, the Weisskopf-Wigner approxi-
mation for the description of the time evolution of neutral meson systems is briefly
revisited, including the general expressions for the time-dependent rates and paying
special attention to the possibility of CPT violation. Although a proper and com-
plete analysis can only be performed with the actual data, in section 3 we discuss
the simple procedure that we adopt, based on the available LHCb analysis, in order
to have some usable “experimental-like” input. A consistent general analysis of this
“experimental-like” input is presented in Section 4.
2 Generalities
In the Weisskopf-Wigner approximation [9], the time evolution of states in the neutral
meson-antimeson space {|M0〉, |M¯0〉} is controlled by the 2 × 2 effective hamiltonian
H:
H = M− i
2
Γ, M = M†, Γ = Γ†, i~
d
dt
|Ψ(t)〉 = H|Ψ(t)〉 . (6)
2
The eigenstates of H (labelled “H” and “L” for heavy and light, most appropriate for
the Bd, Bs systems) read:
H|MH〉 = µH |MH〉, |MH〉 = pH |M0〉+ qH |M¯0〉, (7)
H|ML〉 = µL|ML〉, |ML〉 = pL|M0〉 − qL|M¯0〉, (8)
with the eigenvalues given by3
µ =
µH + µL
2
≡M − i
2
Γ, ∆µ = µH − µL ≡ ∆M − i
2
∆Γ. (9)
It is customary to introduce parameters θ and q/p:
θ ≡ H22 −H11
∆µ
,
(
q
p
)2
≡ H21
H12
, (10)
such that
qH
pH
=
q
p
√
1 + θ
1− θ ,
qL
pL
=
q
p
√
1− θ
1 + θ
. (11)
It is also customary to define4
δ ≡ 1− |q/p|
2
1 + |q/p|2 . (12)
θ 6= 0 gives CP and CPT violation, while δ 6= 0 gives CP and T violation.
The hamiltonian, incorporating CPT violation in the mixing, can be compactly written
[10,11] as
H =
(
µ− ∆µ
2
θ p
q
∆µ
2
√
1− θ2
q
p
∆µ
2
√
1− θ2 µ+ ∆µ
2
θ
)
. (13)
In order to include the decays of the neutral mesons in the description, for a final state
|f〉 we have the decay amplitudes
Af = 〈f |T |M0〉, A¯f = 〈f |T |M¯0〉 . (14)
Note that not imposing any assumption on the complex parameters Af and A¯f implies
also that we are including any potential CPT violation in the decay. One can then
define
λf ≡ q
p
A¯f
Af
, (15)
and
Cf ≡ 1− |λf |
2
1 + |λf |2 , Rf ≡
2Re (λf )
1 + |λf |2 , Sf ≡
2Im (λf )
1 + |λf |2 . (16)
Notice that:
3In the Bd and Bs systems, by construction, ∆M > 0 while the sign of ∆Γ could be positive or
negative.
4The discussion of this section applies to the different neutral meson systems; ∆M , ∆Γ, q/p, δ and
θ are, of course, specific of each case: it is understood in the following sections that we refer to those
quantities for the B0s–B¯
0
s system.
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(1) the definition of λf in eq. (15) is completely independent of θ, i.e. λf is defined
without regard to the presence of CPT violation in the mixing. Therefore λf is
not related to qL, pL or qH , pH , it is related to q/p as defined in eq. (15).
(2) By construction Cf , Sf , Rf verify
C2f + S
2
f + R
2
f = 1 . (17)
It is important to stress that there are only two independent parameters in the complex
quantity λf , and that there are no additional implicit assumptions concerning the
decays (for example, assuming the dominance or not of some weak amplitude, etc); on
that respect, λf already provides the most general parametrisation. In addition, for a
CP eigenstate f , λf 6= ±1 – that is Cf 6= 0 and Sf 6= 0 –, signals CP violation.
The time-dependent rates for the evolution of initial meson and antimeson states which
decay after time t into f , including CPT violation, are:
Γ(M0(t)→ f) = ∣∣〈f |T |M0(t)〉∣∣2 =
e−Γt Γf
{
Ch[M0, f ] cosh
(
∆Γ
2
t
)
+ Cc[M0, f ] cos (∆M t)
+Sh[M0, f ] sinh
(
∆Γ
2
t
)
+Sc[M0, f ] sin (∆M t)
}
, (18)
and
Γ(M¯0(t)→ f) = ∣∣〈f |T |M¯0(t)〉∣∣2 =
e−Γt Γf
{
Ch[M¯0, f ] cosh
(
∆Γ
2
t
)
+ Cc[M¯0, f ] cos (∆M t)
+Sh[M¯0, f ] sinh
(
∆Γ
2
t
)
+Sc[M¯0, f ] sin (∆M t)
}
, (19)
with Γf ≡ (|Af |2 + |A¯f |2)/2. The coefficients in eqs. (18)-(19) depend only on Cf , Sf ,
Rf , θ and δ; detailed expressions are given in appendix A. It is clear that measurements
of the time dependent rates in eqs. (18)–(19) can be sensitive to the presence of θ 6= 0
in these coefficients, as discussed for example in [12], where improved bounds on Re (θ)
in the Bd system were obtained (see also [13, 14]). This can be extended to scenarios
with additional sources of CPT violation as done for example in [15–18].
For a CP eigenstate f , the general form of the CP asymmetry AM→fCP (t) in eq. (1) is
AM→fCP (t) =
C∆h cosh
(
∆Γ
2
t
)
+S ∆h sinh
(
∆Γ
2
t
)
+ C∆c cos (∆M t) +S
∆
c sin (∆M t)
C Σh cosh
(
∆Γ
2
t
)
+S Σh sinh
(
∆Γ
2
t
)
+ C Σc cos (∆M t) +S
Σ
c sin (∆M t)
(20)
with
C∆h ≡ Ch[+, f ]− Ch[−, f ], C Σh ≡ Ch[+, f ] + Ch[−, f ], (21)
where Ch[+, f ] = Ch[M¯0, f ], Ch[−, f ] = Ch[M0, f ], and similarly for Ch → Sh,Cc,Sc;
in the present case, M0 = B0s , M¯
0 = B¯0s and f = K
+K−. For δ = 0, which is an
excellent approximation for both Bq–B¯q systems, the expansion to linear order in θ
(with no loss of generality in the subsequent discussion), gives
C∆h = 2RfRe (θ) , C
∆
c = −2Cf − 2RfRe (θ) ,
S ∆h = −2Re (θ) , S ∆c = 2(Im (θ)− Sf ), (22)
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C Σh = 2(1− Sf Im (θ)), C Σc = 2Sf Im (θ) ,
S Σh = 2(CfRe (θ)− Rf ), S Σc = −2Cf Im (θ) . (23)
Notice that in general, with θ 6= 0, all four time dependences cosh (∆Γ
2
t
)
, sinh
(
∆Γ
2
t
)
,
cos (∆M t) and sin (∆M t), enter both the numerator and the denominator of AM→fCP (t).
It is also natural that, since θ 6= 0 gives not only CPT violation but also CP violation,
even for λf = ±1, AM→fCP (t) 6= 0 for θ 6= 0.
Furthermore, for θ = 0, AM→fCP (t) reduces to
5
AM→fCP (t) =
−Cf cos (∆M t)− Sf sin (∆M t)
cosh
(
∆Γ
2
t
)− Rf sinh (∆Γ2 t) , (24)
with, as is to be stressed once again, C2f + S
2
f + R
2
f = 1.
It is then clear that the form of AM→fCP (t) in eq. (2) used for example in [8] to analyze
CPT violations:
• does not correspond to the general case with θ 6= 0,
• neither does it correspond to the CPT invariant case with θ = 0, since all three
CK+K− , SK+K− and A
∆Γ
K+K− are fitted as free parameters.
In the following sections we illustrate the expected outcome of a general and consistent
analysis. Of course, a complete analysis should use the actual experimental data: in
the next section we discuss the generation and validation of reasonable “LHCb like”
data, used then in the analysis of section 4.
3 “LHCb like” data
In order to perform analyses, some working input based on the available LHCb informa-
tion in [3] is necessary. We adopt the following procedure to generate data reproducing
the most relevant experimental aspects.
1. CK+K− , SK+K− and A
∆Γ
K+K− are set to the central values in eq. (3).
2. A sample of 36840 events Bs → K+K−, in accordance with [3], is randomly
generated; LHCb quotes a “tagging power” of 3.65 % in [3]: consequently,
0.0365 × 36840 ' 1345 events are assigned to separate tagged B¯0s → K+K−
or B0s → K+K− subsamples following, respectively, the time dependent rates
Γ(B¯0s (t) → K+K−) ∝ e−Γt
[
cosh
(
∆Γ
2
t
)
+ A∆ΓK+K− sinh
(
∆Γ
2
t
)
−CK+K− cos (∆M t) + SK+K− sin (∆M t)
]
, (25)
5Notice the sign differences Sf → −SK+K− , Rf → −A∆ΓK+K− among eq. (24) and eq. (2): although
their definition in terms of λBs→KK is irrelevant for the analysis in [3], it includes an additional −
sign. Equation (24) agrees with the corresponding expressions in [9], e.g. (9.14) and (9.15).
5
Γ(B0s (t) → K+K−) ∝ e−Γt
[
cosh
(
∆Γ
2
t
)
+ A∆ΓK+K− sinh
(
∆Γ
2
t
)
+CK+K− cos (∆M t)− SK+K− sin (∆M t)
]
, (26)
The remaining ' 35495 events are assigned to the untagged subsample, which
follows the time dependent rate
Γ(Bs(t)→ K+K−)unt = Γ(B¯0s (t)→ K+K−) + Γ(B0s (t)→ K+K−)
∝ e−Γt
[
cosh
(
∆Γ
2
t
)
+ A∆ΓK+K− sinh
(
∆Γ
2
t
)]
. (27)
For these untagged events, the flavour of the initial Bs meson is not known.
3. In order to incorporate the effect of the experimental time resolution, a smearing
is applied: the value of t associated to each event is randomly shifted following
a gaussian distribution with mean 0 and width 60 fs. The considered range of
times t for these events is [1; 11] ps.
4. For each of the three subsamples, the corresponding distribution is binned (in
bins of equal size, 100 fs) giving [Γunt]j, [Γ¯]j and [Γ]j with
Γ(Bs(t)→ K+K−)unt 7→ [Γunt]j , (28)
Γ(B¯0s (t)→ K+K−) 7→ [Γ¯]j , (29)
Γ(B0s (t)→ K+K−) 7→ [Γ]j , (30)
j labels the 100 bins in the selected range [1; 11] ps.
5. A binned CP asymmetry [ACP ]j is computed
[ACP ]j =
[Γ¯]j − [Γ]j
[Γ¯]j + [Γ]j
. (31)
6. Iterating steps 2 to 5, we obtain distributions of [Γunt]j, [Γ¯]j, [Γ]j and [ACP ]j:
their means and standard deviations constitute the “measurements” with their
statistical uncertainties, referred to, in the following, as the “LHCb-like input
data”.
As in the LHCb analysis, ∆M = 17.757 ps−1 and ∆Γ = 0.083 ps−1 are used. For
completeness, the resulting “LHCb-like input data” is shown in Appendix B.
For validation of the procedure, {CK+K− , SK+K− , A∆ΓK+K−} are fitted back to the “LHCb-
like input data” using the time dependences6 in eq. (27) and eqs. (25)–(26). The same
smearing in the time dependence is considered (by convolving with the same gaussian
distribution used in the generation of the “LHCb-like input data”) and the same bin-
ning is applied. A χ2 function is constructed from the comparison of (i) the predicted
6The normalization of the untagged rate is a free parameter in the fit, that is, what one is really
fitting is the time-dependent shape in eq. (27). Then, the normalization of the tagged rates in eqs. (25)–
(26) is not independent: it is fixed in terms of the normalization of the untagged rate (multiplying by
the tagging power and dividing by 2).
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binned rates and asymmetry, and (ii) the “LHCb-like input data”.
The results of this validation fit are shown in Figure 1, together with the LHCb input
values. All three input parameters {CK+K− , SK+K− , A∆ΓK+K−} are recovered with un-
certainties in agreement with the LHCb result: the procedure simulates properly the
LHCb sensitivity to the different time dependences.
b
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Figure 1: Validation: fitting back eqs. (27)–(26) to the “LHCb-like input data”; darker
to lighter regions correspond to 1, 2 and 3 σ for 2D-∆χ2.
4 General Analysis with CPT Violation
With the “LHCb-like input data” discussed in the previous section, we can now perform
fits using the general expressions in section 2. These expressions depend on λBs→KK , δ
and θ: the analysis assumes δ = 0, as done by LHCb in [3]; in appendix C the effect of
relaxing this assumption is explored. The predictions computed in terms of λBs→KK ,
δ = 0 and θ are smeared and binned in time, exactly as in the generation of the input
data of the previous section. A χ2 function is then constructed from the comparison
of the computed rates and asymmetry and the “LHCb-like input data”. In the fit, the
minimum of the χ2 function together with regions around it corresponding to different
values of ∆χ2 = χ2 − χ2Min are obtained.
The results of the fit (with δ = 0) are shown in figures 2, 3 and 4; results for θ = 0 are
also displayed for comparison.
In figure 2, the allowed regions for λBs→KK and θ are shown. It is to be noticed that:
• the real part of θ is quite constrained, bound at the 10−2 level, while for the
imaginary part larger values are still allowed;
• concerning λBs→KK , it is clear that with θ 6= 0 the phase of λBs→KK is less
constrained, while |λBs→KK | is not much affected. It is also important to notice
that |λBs→KK | = 1 is excluded at a level between 3σ and 4σ, and that the CP
conserving scenario with (Re (λBs→KK) , Im (λBs→KK)) = (1, 0) is excluded at
around the 4σ level for the general case θ 6= 0; for θ = 0 the significance of that
exclusion rises to the ∼ 5σ level.
7
Re(λBs→KK)
Im
(λ
B
s
→
K
K
)
|λBs→KK| = 1θ = 0
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Figure 2: Fit results (I); in blue, darker to lighter regions correspond to 1, 2 and 3 σ
for 2D-∆χ2, the dashed contours correspond to 4 σ. In red, the corresponding contours
for fixed θ = 0 are shown.
Figure 3 shows the allowed regions for Im (θ) vs. CKK , SKK , RKK (defined as in
eq. (16) in terms of λBs→KK). While for CKK , and thus |λBs→KK |, the only noticeable
correlation is that for large CKK values, the allowed range for Im (θ) is reduced, it is
clear that the obtained SKK and RKK , and thus arg(λBs→KK), are on the contrary quite
correlated with Im (θ). Attending to eq. (22), the sensitivity to sin (∆M t) constrains
the combination SKK − Im (θ), rather than SKK and Im (θ) separately, as can be seen
in figure 3(b).
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Figure 3: Fit results (II) (conventions as in Figure 2).
Figure 4 shows the allowed regions for the different pairs in {CKK , SKK ,RKK}, further
illustrating the previous comments.
From these results, the most relevant aspects are the following.
• For CPT violation, significant bounds can be obtained on θ: Re (θ) = (0.0±2.0)×
10−2 and Im (θ) =
(
0.0 +5.0−4.0
)× 10−2; bounds at the 10−2 level were also obtained
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Figure 4: Fit results (III) (conventions as in Figure 2).
in the analysis of [17] for the parameter θ, although in a different theoretical
context where Re (θ) and Im (θ) are not independent.
• Both CKK and SKK correspond rather closely to the LHCb parameters CK+K−
and SK+K− , while that is not the case for RKK and A
∆Γ
K+K− .
• With θ 6= 0, the uncertainty in SKK (i.e. in the phase of the mixing × decay
amplitude, arg(λBs→KK)), is larger than that of the LHCb parameter SK+K− :
indirect CP violation does only appear at the 2σ level.
• Nevertheless, it is clear that, regardless of CPT violation, CKK 6= 0, i.e. |λBs→KK | 6=
1, establishing the observation of direct CP violation in Bs → K+K− close to
the 4σ level.
Conclusions
We have presented a simple analysis based on recent LHCb work [3], pointing out the
benefits of adopting a fully consistent theoretical description of the B0s–B¯
0
s mixing.
Among the consequences of doing so, one should stress that direct CP violation in
Bs → K+K− could be robustly established and that bounds on CPT violation in
the B0s–B¯
0
s system can be obtained. We suggest our experimental colleagues from the
LHCb collaboration to analyse Bs → K+K− transitions in terms of the complete time
dependences discussed in section 2, including potential CPT violating effects.
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A General expressions
The coefficients in eqs. (18)-(19) read
Ch[±, f ] = 1± δ
2(1− Cfδ)
{
(1∓ Cf )(1 + |θ|2) + (1± Cf )|1− θ2|
±2RfRe
(
θ∗
√
1− θ2)+ 2Sf Im (θ∗√1− θ2)
}
, (32)
Cc[±, f ] = 1± δ
2(1− Cfδ)
{
(1∓ Cf )(1− |θ|2)− (1± Cf )|1− θ2|
∓2RfRe
(
θ∗
√
1− θ2)− 2Sf Im (θ∗√1− θ2)
}
, (33)
Sh[±, f ] = 1± δ
(1− Cfδ)
{
(Cf ∓ 1)Re (θ)
−RfRe
(√
1− θ2)∓ Sf Im (√1− θ2)
}
, (34)
Sc[±, f ] = 1± δ
(1− Cfδ)
{ −(Cf ∓ 1)Im (θ)
∓SfRe
(√
1− θ2)+ Rf Im (√1− θ2)
}
, (35)
with Ch[+, f ] = Ch[M¯0, f ], Ch[−, f ] = Ch[M0, f ], and similarly for Ch → Sh,Cc,Sc.
Following eqs. (32)–(35), the general expressions for the coefficients in AM→fCP (t) are
C∆h =
{−Cf (1 + |θ|2 − |1− θ2|) + 2RfRe (θ∗√1− θ2)
+δ[1 + |θ|2 + |1− θ2|+ 2Sf Im
(
θ∗
√
1− θ2)]
}
, (36)
C∆c =
{−Cf (1− |θ|2 + |1− θ2|)− 2RfRe (θ∗√1− θ2)
+δ[1− |θ|2 − |1− θ2| − 2Sf Im
(
θ∗
√
1− θ2)]
}
, (37)
S ∆h = 2
{ −Re (θ)− Sf Im (√1− θ2)
+δ[CfRe (θ)− RfRe
(√
1− θ2)]
}
, (38)
S ∆c = 2
{
Im (θ)− SfRe
(√
1− θ2)
+δ[−Cf Im (θ) + Rf Im
(√
1− θ2)]
}
, (39)
and
C Σh =
{
1 + |θ|2 + |1− θ2|+ 2Sf Im
(
θ∗
√
1− θ2)
+δ[−Cf (1 + |θ|2 − |1− θ2|) + 2RfRe
(
θ∗
√
1− θ2)]
}
, (40)
C Σc =
{
1− |θ|2 − |1− θ2| − 2Sf Im
(
θ∗
√
1− θ2)
+δ[−Cf (1− |θ|2 + |1− θ2|)− 2RfRe
(
θ∗
√
1− θ2)]
}
, (41)
S Σh = 2
{
CfRe (θ)− RfRe
(√
1− θ2)
−δ[Re (θ) + Sf Im
(√
1− θ2)]
}
, (42)
S Σc = 2
{−Cf Im (θ) + Rf Im (√1− θ2)
+δ[Im (θ)− SfRe
(√
1− θ2)]
}
. (43)
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B “LHCb-like input data”
Figure 5 illustrates the “LHCb-like input data” obtained with the procedure of section
3. Figure 5(a) corresponds to the untagged rate in eq. (27), while Figures 5(b) and 5(c)
correspond to the tagged rates in eqs. (25)-(26). For the CP asymmetry in eq. (31), the
result is shown in Figure 5(d).
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(a) Untagged B¯0s , B
0
s → K+K− rate.
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(b) Tagged B¯0s → K+K− rate.
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(c) Tagged B0s → K+K− rate.
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(d) CP asymmetry ABs→KKCP .
Figure 5: “LHCb-like input data” for B0s , B¯
0
s → K+K−: the values and the errors of
an example sample are represented with, respectively, black dots and vertical bars; the
horizontal red bars show the mean value over the binned generated samples and the
red curve the corresponding computed expectation. In 5(a) to 5(c) the values of the
observables are represented multiplied by the average of exp(Γt) in the corresponding
bin for improved readability. One can observe the mixing induced oscillations with
period 2pi/∆M ∼ 0.35 ps (28 oscillations in the range [1; 11] ps) in Figures 5(b) to
5(d).
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C General Analysis with CPT Violation and δ 6= 0
The analysis of section 4 assumes, as the LHCb analysis in [3], δ = 0. Constraints on
δ below the 10−2 level are obtained from semileptonic decays [19]: they are obtained,
however, under the assumption of θ = 0, and thus they cannot be imposed here. In this
appendix we illustrate the result of relaxing the assumption δ = 0: the fit to the “LHCb-
like input data” maintains δ (in addition to λBs→KK and θ) in the general expressions
of appendix A. In terms of δ, equations (32)–(35) have the following common structure:
Ch[±, KK] = 1± δ
1− CKKδ [Ch[±, KK]]δ=0 , and similarly for Ch → Sh,Cc,Sc, (44)
that is, all the δ dependence is factored in 1±δ
1−CKKδ while [Ch[±, KK]]δ=0,. . . , are pre-
cisely the coefficients of the different time dependencies which enter the analysis of the
previous subsection, with δ = 0. For the sums and differences of coefficients in eq. (21)
it follows immediately that
C Σh =
1
1− CKKδ
{[
C Σh
]
δ=0
+ δ
[
C∆h
]
δ=0
}
, (45)
C∆h =
1
1− CKKδ
{[
C∆h
]
δ=0
+ δ
[
C Σh
]
δ=0
}
, (46)
and, of course, similarly for Ch → Sh,Cc,Sc. At linear order in θ (except for δθ terms
which are dropped), eqs. (22)–(23) for δ 6= 0 read
C∆h = 2
RKKRe (θ) + δ
1− CKKδ , C
∆
c = −2
CKK + RKKRe (θ)
1− CKKδ ,
S ∆h = −2
Re (θ) + RKKδ
1− CKKδ , S
∆
c = 2
Im (θ)− SKK
1− CKKδ , (47)
C Σh = 2
1− SKKIm (θ)
1− CKKδ , C
Σ
c = 2
SKKIm (θ)− CKKδ
1− CKKδ ,
S Σh = 2
CKKRe (θ)− RKK
1− CKKδ , S
Σ
c = −2
CKKIm (θ) + SKKδ
1− CKKδ . (48)
Summarising the effects of δ 6= 0:
• The tagged rates are rescaled differently,
Γ(B¯0s (t)→ K+K−) =
1 + δ
1− CKKδ
[
Γ(B¯0s (t)→ K+K−)
]
δ=0
, (49)
Γ(B0s (t)→ K+K−) =
1− δ
1− CKKδ
[
Γ(B0s (t)→ K+K−)
]
δ=0
. (50)
• In the untagged rate, besides a global (1− CKKδ)−1 factor, the dominant terms
C Σh and S
Σ
h do not receive significant corrections from δ at leading order, and
the only potentially sizable corrections appear in C Σc and S
Σ
c .
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• For the CP asymmetry, besides the (1− CKKδ)−1 factor which cancels, the pre-
vious comment on the untagged rate does apply to the asymmetry denominator.
Similarly, the dominant terms of the numerator, C∆c and S
∆
c , do not receive
significant corrections from δ at leading order. The only potentially sizable cor-
rections appear in C∆h and S
∆
h .
Figure 6 shows the allowed regions for λBs→KK and θ. Allowing for δ 6= 0, it is to be
noticed that the significance of |λBs→KK | 6= 1 is lowered from the 3-4σ level to the 2-3σ
level. Concerning θ, while the allowed range for Im (θ) is unchanged, larger values of
Re (θ) are now allowed: Re (θ) = (0.0± 4.2)× 10−2 and Im (θ) = (0.0 +5.0−4.0 )× 10−2.
Re(λBs→KK)
Im
(λ
B
s
→
K
K
)
|λBs→KK| = 1 δ = 0
δ 6= 0
0.5 0.7 0.9 1.1 1.3 1.5
−0.50
−0.25
0
0.25
0.50
(a) λBs→KK .
Re(θBs)
Im
(θ
B
s
)
δ = 0
δ 6= 0
−0.4 −0.2 0 0.2 0.4
−0.4
−0.2
0
0.2
0.4
(b) Im (θ) vs. Re (θ).
Figure 6: Fit results with δ 6= 0; in blue, darker to lighter regions correspond to 1, 2
and 3 σ for 2D-∆χ2, the dashed contour corresponds to 4 σ. In red, the corresponding
contours for the δ = 0 analysis of section 4 are shown.
Figure 7 shows the allowed regions for δ vs. Re (θ) and δ vs. Im (θ). The resulting
bounds on δ, at the ∼ 10−1 level, are much poorer than existing constraints mentioned
above [19]. It is also significant, as discussed later, that the allowed ranges for δ and
Re (θ) are strongly correlated. Figure 8 shows the allowed regions for the different pairs
in {CKK , SKK ,RKK}: while δ 6= 0 has a minor impact on SKK and RKK , it is clear that
CKK is much more affected, as anticipated by the reduced significance of |λBs→KK | 6= 1.
In terms of CKK , the significance of CKK 6= 0 is correspondingly reduced from the 3-4σ
level to the 2-3σ level. Finally, Figure 9 shows the allowed regions for δ vs CKK , SKK
and RKK . Following the previous comments, the correlation among sizable values of δ
and departures of CKK from the results with δ = 0 is not surprising.
As a summary:
• The analysis with free δ does not provide stringent constraints on δ.
• While the allowed regions for SKK and RKK do not change significantly (i.e.
arg(λBs→KK) is not much affected), there is more allowed space for CKK (i.e.
|λBs→KK | is affected).
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(a) δ vs. Re (θ).
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(b) δ vs. Im (θ).
Figure 7: Fit results with δ 6= 0 (conventions as in Figure 6).
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Figure 8: Fit results with δ 6= 0 (conventions as in Figure 6).
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(a) δ vs. CKK .
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Figure 9: Fit results with δ 6= 0 (conventions as in Figure 6).
• The enlarged room for CKK is correlated with larger allowed values of Re (θ).
This can be traced back to the sensitivity of the CP asymmetry to the C∆h and
15
S ∆h coefficients in eqs. (47): with RKK ∼ 1, they are sensitive to the combination
Re (θ) + δ rather than to Re (θ) and δ separately, in agreement with Figures 7(a)
and 9(a).
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